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(3) Voltage compensation circuit and display apparatus. 

(57) The voltage compensation circuit of the invention supplies a desired voltage to a portion to which the 
desired voltage is to be supplied, by compensating for voltage drops caused by line resistances of 
voltage supply lines. The voltage compensation circuit includes : a first voltage supply line having a first 
end ; and a second voltage supply line having a second end. In the voltage compensation circuit, a first 
voltage which is higher than the desired voltage by a predetermined value is applied to the first end, and 
a second voltage which is lower than the desired voltage by the predetermined value is applied to the 
second end. The portion to which the desired voltage is to be supplied is connected to the first voltage 
supply line at a first junction, and the portion to which the desired voltage is to be supplied is connected 
to the second voltage supply line at a second junction. An amount of voltage drop in the first voltage 
from the first end to the first junction is substantially equal to an amount of voltage rise in the second 
voltage from the second end to the second junction. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 The present invention relates to a voltage compensation circuit for supplying a desired voltage to portions 

to which the voltage is to be supplied (hereinafter referred to as voltage-supplied portions) by compensating 
for voltage drops which occur because of line resistances of a voltage supply line. The present invention also 
relates to a display apparatus, provided with such a voltage compensation circuit, for displaying an image with 
multiple gray scales. 

10 

2. Description of the Related Art 

Figure 13 shows the construction of a conventional liquid crystal display apparatus. The liquid crystal dis- 
play apparatus includes a liquid crystal display panel 21, a plurality of data drivers 22, and a control power 
15 supply circuit 23. The liquid crystal display panel 21 includes a plurality of picture elements (not shown) ar- 
ranged in a matrix. The plurality of data drivers 22 selectively supply gray-scale voltages to the respective pic- 
ture elements included in the liquid crystal display panel 21. The control power supply circuit 23 supplies the 
gray-scale voltages to the respective data drivers 22. The data drivers 22 are not formed on the liquid crystal 
display panel 21. The control power supply circuit 23 is connected to the substrate 24 via a supply line 25. The 
20 data drivers 22 are interconnected with each other via printed wirings (not shown) formed on the substrate 24. 
The liquid crystal display panel 21 is connected to the data drivers 22 via driving terminals (not shown) of the 
liquid crystal display panel 21. In order to simplify the description of the construction of the conventional liquid 
crystal display apparatus, scanning drivers for scanning the picture elements included in the liquid crystal dis- 
play panel 21 are not shown in Figure 13. 
25 In the conventional liquid crystal display apparatus having the above-described construction, it is possible 

to sufficiently reduce the line resistances of the supply line 25 and the printed wirings. Thus, the voltage drops 
caused by the line resistances of the supply line 25 and the printed wirings become so small that they are neg- 
ligible. Accordingly, the quality of an image displayed on the liquid crystal display apparatus with multiple gray 
scales is generally not degraded by the drop of the gray-scale voltage applied to one end of the supply line 25 
30 from the control power supply circuit 23. 

However, in the case where the liquid crystal display panel 21 and the voltage supply line form an integrated 
unit, without using the substrate 24, it is impossible to make the line resistance of the voltage supply line as 
low as that in the above-described conventional case. As a result, the voltage drop caused by the line resistance 
of the voltage supply line is not negligible. In this specification, the term "a voltage supply line" is defined as 
35 a line which connects a voltage supply circuit to voltage-supplied portions. 

The liquid crystal display panel 21 and the voltage supply line form an integrated unit without using the 
substrate 24 by the following methods. 

(1) The method (COG) in which the data drivers 22 are directly connected to a substrate of the liquid crystal 
display panel 21 without using a tape-automated bonding (TAB) technique or the like. 
40 (2) The method in which thin film transistors (TFTs) of polycrystalline silicon are formed in a substrate of 

the liquid crystal display panel 21, and also the data drivers 22 are incorporated into the substrate. 
Next, referring to Figures 14 and 15, the voltage drop caused by the line resistance of the voltage supply 
line will be described in the case where the liquid crystal display panel 21 and the voltage supply line form an 
integrated unit. 

45 Figure 14 shows the distribution of the line resistance of the voltage supply line. In general, a line resistance 

is a distributed constant circuit, but it can be approximated by using a plurality of concentrated constants. In 
Figure 14, the line resistance of the voltage supply line 11 shown in Figure 14 is represented by 2n concentrated 
constants r, to r 2n . Each of the concentrated constants to r^ has a value r. It is assumed that a gray-scale 
voltage V is applied to one end of the voltage supply line 11, and a current i flows through the voltage supply 

50 line 11 in the direction indicated by the arrow in Figure 14. In this case, the voltage drop at a point P a , which 
is closest to the source of the gray-scale voltage V, is 0. However, the voltage drop from the point P 8 to a point 
P m , which is positioned between the concentrated constants r n and r^, is nri. The voltage drop from the point 
P s to a point P„ which is positioned at the other end of the voltage supply line 11 is 2nri. 

Figure 15 shows voltages at respective points on the voltage supply line 11. The voltage V 8 at the point 

55 p 8 is equal to the gray-scale voltage V. On the other hand, the voltage V m at the point P m is lower than the 
gray-scale voltage V by an amount corresponding to the voltage drop (nri). The voltage V. at the point P # is 
lower than the gray-scale voltage V by an amount corresponding to the voltage drop (2nri). The voltage drops 
at the respective points on the voltage supply line 11 also cause voltage drops in the data drivers 22 which 
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are connected to the respective points on the voltage supply line 11. This results in potential difference be- 
tween the gray-scale voltage output from a data driver 22 which is closer to the source of the gray-scale voltage 
V and the gray-scale voltage output from a data driver 22 which is remoter from the source of the gray-scale 
voltage V. This causes problems in that the resulting image is displayed with various non-uniform gray scales. 

5 

SUMMARY OF THE INVENTION 

The voltage compensation circuit of the invention supplies a desired voltage to a portion to which the de- 
sired voltage is to be supplied, by compensating for voltage drops caused by line resistances of voltage supply 

10 lines. The voltage compensation circuit includes: a first voltage supply line having a first end; and a second 
voltage supply line having a second end, wherein a first voltage, which is higher than the desired voltage by 
a predetermined value, is applied to the first end, and a second voltage, which is lower than the desired voltage 
by the predetermined value, is applied to the second end, and the portion to which the desired voltage is to 
be supplied is connected to the first voltage supply line at a first junction, the portion to which the desired vd- 

15 tage is to be supplied is connected to the second voltage supply line at a second junction, and an amount of 
voltage drop in the first voltage from the first end to the first junction is substantially equal to an amount of 
voltage rise in the second voltage from the second end to the second junction. 

In one embodiment of the voltage compensation circuit of the invention, the line resistance of the first vol- 
tage supply line is substantially equal to the line resistance of the second voltage supply line. 

20 According to another aspect of the invention, a voltage compensation circuit for supplying a desired voltage 

to a portion to which the desired voltage is to be supplied, by compensating for a voltage drop caused by a 
line resistance of a voltage supply line is provided. The voltage compensation circuit includes: a voltage supply 
line having an end, wherein an oscillating voltage which oscillates between a first voltage which is higher than 
the desired voltage by a predetermined value and a second voltage which is lower than the desired voltage 

25 by the predetermined value is applied to the end, and the portion to which the desired voltage is to be supplied 
is connected to the voltage supply line at a junction. 

In one embodiment of the voltage compensation circuit of the invention, the oscillating voltage is a voltage 
which oscillates between the first voltage and the second voltage at a duty ratio of 1 : 1. 

According to another aspect of the invention, a display apparatus, in which a desired gray-scale voltage 

30 is applied to a picture element by compensating for a voltage drop caused by a line resistance of a voltage 
supply line, is provided. The display apparatus includes: a display section including a picture element and a 
data line connected to the picture element; a first voltage supply line having a first end; a second voltage supply 
line having a second end; a voltage supply circuit for applying a first voltage which is higher than the desired 
gray-scale voltage by a predetermined value to the first end, and for applying a second voltage which is lower 

35 than the desired gray-scale voltage by the predetermined value to the second end; and a driving circuit for out- 
putting a driving voltage to the data line, the driving circuit being connected to the first voltage supply line at 
a first junction and connected to the second voltage supply line at a second junction, wherein an amount of 
voltage drop in the first voltage from the first end to the first junction is substantially equal to an amount of 
voltage rise in the second voltage from the second end to the second junction. 

40 In one embodiment of the invention, the first voltage and the second voltage are supplied to the driving 

circuit, and the driving circuit includes output means for outputting both the first voltage and the second voltage 
to the data line during the same time period. 

In another embodiment of the invention, the first voltage and the second voltage are supplied to the driving 
circuit, and the driving circuit includes output means for alternately outputting the first voltage and the second 

45 voltage to the data line at a predetermined cycle. 

In another embodiment of the display apparatus of the invention, the line resistance of the first voltage 
supply line is substantially equal to the line res eta nee of the second voltage supply line. 

According to still another aspect of the invention, a display apparatus, in which a desired gray-scale voltage 
is applied to a picture element by compensating for a voltage drop caused by a line resistance of a voltage 

so supply line, is provided. The display apparatus includes: a display section including a picture element and a 
data line connected to the picture element; a voltage supply line having an end; a voltage supply circuit for 
applying an oscillating voltage which oscillates between a first voltage which is higher than the desired gray- 
scale voltage by a predetermined value and a second voltage which is lower than the desired gray-scale voltage 
by the predetermined value to the end; and a driving circuit for outputting a driving voltage to the data line, the 

55 driving circuit being connected to the voltage supply line at a junction. 

In one embodiment of the display apparatus of the invention, the oscillating voltage is a voltage which os- 
cillates between the first voltage and the second voltage at a duty ratio of 1 : 1 . 

Thus, the invention described herein makes possible the advantages of (1) providing a voltage compen- 
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sation circuit which supplies a desired voltage to voltage- sup plied portions by compensating for the voltage 
drop caused by the line resistance of the voltage supply line, and (2) providing a display apparatus capable of 
displaying images with continuous and smooth gray scales. 

These and other advantages of the present invention will become apparent to those skilled in the art upon 
5 reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the principle for compensating for a voltage drop caused by a line resistance of a voltage 
w supply line. 

Figure 2 is a diagram showing the construction of a voltage compensation circuit for supplying a desired 
gray-scale voltage to voltage-supplied portions by using two voltage supply lines. 

Figure 3 is an equivalent circuit diagram of a voltage-supplied portion. 

Figure 4 is another equivalent circuit diagram of the voltage-supplied portion. 
15 Figure 5 is a diagram showing the construction of a voltage compensation circuit for supplying a desired 

gray-scale voltage to voltage-supplied portions by using a single voltage supply line. 

Figure 6 shows the waveform of an oscillating voltage and the waveform of an average value of the oscil- 
lating voltage. 

Figure 7 is a diagram showing the construction of a display apparatus in a first example of the invention. 
20 Figure 8 is a diagram showing part of the construction of a data driver in the first example. 

Figure 9 is a diagram showing part of another construction of a data driver in the first example. 
Figure 10 is a diagram showing the construction of a control power supply circuit 

Figure 11 is a diagram showing the construction of a display apparatus in a second example of the inven- 
tion. 

25 Figure 12 is a diagram showing part of the construction of a data driver in the second example. 

Figure 13 is a diagram showing the construction of a conventional liquid crystal display apparatus. 
Figure 14 shows the resistance distribution of the voltage supply line. 

Figure 15 is a diagram showing the voltage drop caused by a resistance of a voltage supply line. 
30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First, referring to Figure 1, the principle for compensating for a voltage drop caused by a line resistance 
of the voltage supply line is described. 

As shown in Figure 1, it is assumed that a voltage V ut which is higher than a desired voltage V by a pre- 
35 determined value, is applied to one end point P s of the voltage supply line, so that a current i flows from the 
point P 8 to the other end point P # of the voltage supply line. In this case, the longer the distance from the point 
P 8 is, the larger the voltage drop caused by the line resistance of the voltage supply line becomes. For example, 
the voltage at the point P. is lower than the voltage V u by an amount corresponding to the voltage drop (2nri). 

In another case, it is assumed that a voltage V d , which is lower than a desired voltage V by a predetermined 
40 value, is applied to the point P a of the voltage supply line, so that a current i flows from the point P. to the point 
P 3 . In this case, the voltage drop due to the current i corresponds to the voltage rise with respect to the voltage 
V d . As a result, the longer the distance from the point P 8 is, the larger the voltage rise becomes. For example, 
the voltage at the point P. is higher than the voltage V d by an amount corresponding to the voltage rise (2nri). 

When a point which is distant from the point P 8 by a distance x is represented by P(x), the voltage V u (x) 
45 and the voltage V^x) at the point P(x) are symmetric with respect to a voltage V which is obtained by the ar- 
ithmetical mean of the voltages V u and V d (i.e., V = (V u +V d )/2). 

Accordingly, if a voltage which is obtained for a point P(x) on the voltage supply line by the arithmetical 
mean of the voltages V u (x) and V d (x) (i.e., (V u (x)+V d (x))/2) is supplied to voltage-supplied portions, it is possible 
to supply a desired voltage V (= (v u +V d )/2) at any point along the voltage supply line. 
so The difference between the voltage V u and the voltage V d should be equal to or larger than the sum of 

the maximum voltage drop (2nri) for the voltage V u and the maximum voltage rise (2nri) for the voltage V d . 
That is, the voltages V u and V d are predetermined so as to satisfy the condition of (V u - V d ) £ 2 x 2nri. 

Next, a construction of a voltage compensation circuit for supplying the desired voltage V to the voltage- 
supplied portions based on the above-described principle for compensating for the voltage drop shown in Fig- 
55 ure 1 will be described. 

Figure 2 shows the construction of an exemplary voltage compensation circuit. The voltage compensation 
circuit includes voltage supply lines 12 and 13. In this example, for simplicity, three voltage-supplied portions 
15, 16, and 17 are connected to the voltage supply line 12 at three points P lt P 2 , and P a , respectively, and are 
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connected to the voltage supply line 13 at three points P t \ P 2 \ and P 3 f , respectively. However, this invention 
is not limited by the number of voltage-supplied portions which are connected to the voltage supply lines 12 
and 13. The voltage V u is applied to one end point P U8 of the voltage supply line 12, and the voltage V d is applied 
to one end point P^ of the voltage supply line 13. In general, each of the line resistance of the voltage supply 

5 line 12 and the line resistance of the voltage supply line 13 is a distributed constant circuit In Figure 2, for sim- 
plicity, the line resistance is represented by using a plurality of concentrated constants. Each of the line resis- 
tance between the points P U8 and P 1t the line resistance between the points P % and P 2 , and the line resistance 
between the points P 2 and P 3 is represented by a concentrated constant r. Each of the line resistance between 
the points P** and P/, the line resistance between the points P^and P 2 \ and the line resistance between the 

10 points P 2 ' and P 3 ' is represented by a concentrated constant r. 

It is assumed that a current^ flows from the voltage supply line 12 to the voltage-supplied portion 15. In 
this case, the voltage drop at the voltage-supplied portion 15 based on the current h is r ^. If a current having 
the same amount of value as that of the current i, flows from the voltage-supplied portion 15 to the voltage 
supply line 13, a voltage rise of r U occurs on the voltage supply line 13 due to the current. In this case, the 

is voltage V P1u at the point P^ and the voltage V P1d at the point P r are expressed by Expression (1) below. 

V P1U = V u - ri, (1) 
Vpi d = V d + ri, 

Therefore, the arithmetical mean of the voltages V P1u and V P1d is equal to the arithmetical mean of the 
voltages V u and V d as expressed in Expression (2) below. 
20 v ^ _ Vpi u + Vpid = V u + Vd ^) 

In the same way, when the current h flows from the voltage supply line 12 to the voltage-supplied portion 
1 5, a current i 2 flows from the voltage supply line 12 to the voltage-supplied portion 1 6, and a current is flows 
from the voltage supply line 12 to the voltage-supplied portion 17, a current (ii+i 2 +i 3 ) flows through the resis- 

25 tance r between the points P U8 andP|. Accordingly, the voltage drop at the voltage-supplied portion 15 based 
on the current (u+h+h) becomes r-Ot+fe+U). If a current having the same amount of value as that of the current 
(ii + *2 + '3) flows from the voltage-supplied portion 15 to the voltage supply line 13, the voltage rise r-Oi+fe+fe) 
occurs on the voltage supply line 1 3 due to this current. As understood, the arithmetical mean of the voltages 
V P1u and V P1d is equal to the arithmetical mean of the voltages V u and V d . Similarly, as to the voltage-supplied 

30 portions 16 and 17, it is apparent that the arithmetical mean of the voltage Vp^ at the point P 2 and the voltage 
V P2d at the point P 2 * is equal to the arithmetical mean of the voltages V„ and V d , and the arithmetical mean of 
the voltage V P3u at the point P 3 and the voltage V P3d at the point P 3 ' is equal to the arithmetical mean of the 
voltages V„ and V d . 

As described above, by combining a pair of voltage supply lines with a voltage-supplied portion which is 

35 connected to the respective voltage supply lines and satisfies a predetermined condition, a desired voltage 
can be supplied to the voltage-supplied portion, irrespective of the positions at which the voltage-supplied por- 
tion is connected to the voltage supply lines. The predetermined condition which should be satisfied by the 
voltage-supplied portion is that the amount of voltage drop with respect to the voltage V u based on the current 
flowing from one voltage supply line to the voltage- supplied portion is substantially equal to the amount of vol- 

40 tage rise with respect to the voltage V d based on the current flowing from the voltage-supplied portion to the 
other voltage supply line. It is appreciated that the absolute values of the current flowing from one voltage sup- 
ply line to the voltage-supplied portion, and the current flowing from the voltage-supplied portion to the other 
voltage supply line are not necessarily required to be equal to each other, so long as the predetermined con- 
dition is satisfied. For example, in Figure 2, in the case where the line resistance between respective points 

45 on the voltage supply line 13 is not r but 2r, the voltage-supplied portion should be constructed in such a manner 
that the current \ A I2 flows from the voltage-supplied portion to the voltage supply line 13 while the current i t 
flows from the voltage supply line 12 to the voltage-supplied portion. 

Figure 3 shows an exemplary equivalent circuit of the voltage-supplied portion 15. The voltage-supplied 
portions 16 and 17 can also be the equivalent circuits. 

so The voltage-supplied portion 15 is connected to the voltage supply lines 12 and 13 at the points Pi and 

P/, respectively. A load 18 is connected to a point P m in the voltage-supplied portion 15. The resistance be- 
tween the points P% and P m is represented by a concentrated constant R. Also, the resistance between the 
points P m and P/ is represented by a concentrated constant R. Hereinafter, it is assumed that the load 18 is 
a liquid crystal display panel. However, the invention is not limited by the type of device used as the load 18. 

55 The current h from the voltage supply line 12 flows to the load 18 through the points P^ and P m . and the 

current i, f from the load 18 flows to the voltage supply line 13 through the points P m and P/. However, in the 
steady state, the current flowing into the load 18 is zero, because the potential at the point P m is identical with 
the potential at a point T at a time when the electric charge to a picture element is finished. At that time, the 
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current from the voltage supply line 12 flows to the voltage supply line 13 through the points P 1t P m , and P/. 
In this case, ii = i t \ and accordingly a value of the current flowing from the voltage supply line 12 to the voltage- 
supplied portion 15 is substantially equal to an absolute value of the current flowing from the voltage-supplied 
portion 15 to the voltage supply line 13. 

5 Therefore, as shown in Figure 2 f in the case where the line resistance of the voltage supply line 12 between 

the points P U8 and Pi is substantially equal to the line resistance of the voltage supply line 13 between the 
points Pds and P,\ the amount of voltage drop at the point P t with respect to the voltage V u is substantially 
equal to the amount of voltage rise at the point P^ with respect to the voltage V d , according to the equivalent 
circuit of the voltage-supplied portion 15 shown in Figure 3. In other words, when the amount of voltage drop 

10 is indicated by AV, the voltage at the point P, is indicated by (V u - AV), and the voltage at the point P t ' is indicated 
by (V d +AV). To the load 18, the arithmetical mean of the voltage at the point P+ and the voltage at the point 
P^ is applied. As a result, the voltage (V u +V d )/2 is applied to the load 18. 

Figure 4 shows another exemplary equivalent circuit of the voltage-supplied portion 15. Each of the vol- 
tage-supplied portions 16 and 17 can be such an equivalent circuit 

is The point Pj is connected to a signal input of an analog switch 19. The point Pj* is connected to a signal 

input of an analog switch 20. The outputs of the analog switches 19 and 20 are both connected to the point 
P m . The point P m is connected to the load 18. 

To the control input of the analog switch 19, a control signal S u is input. To the control input of the analog 
switch 20, a control signal S d is input The ON/OFF states of the analog switches 19 and 20 are controlled in 

20 accordance with the received control signals, respectively. 

When the analog switches 19 and 20 are controlled so that both of the analog switches 19 and 20 are in 
the ON state for the same predetermined time period, the equivalent circuit of the voltage-supplied portion 15 
shown in Figure 4 functions similarly to the equivalent circuit of the voltage-supplied portion 15 shown in Figure 

3. This is because, the ON resistances of the analog switches 19 and 20 serve as the resistances R shown in 
25 Figure 3. Instead of or in addition to the ON resistances of the analog switches 19 and 20, if an appropriate 

resistance is inserted directly before or after the analog switches 19 and 20, the same effects can be obtained. 
As a result, the voltage (V u +V d )/2 is applied to the load 18. 

When the analog switches 19 and 20 are controlled so that the analog switches 19 and 20 are alternately 
and repeatedly turned ON and OFF, an oscillating voltage which oscillates between the voltage V P1 at the point 

30 P, and the voltage V P1 ' at the point P^ at a predetermined cycle appears at the point P^ In the case where 
the oscillating voltage oscillates a plurality of times in one output period, the picture element is charged by a 
mean voltage of the voltages Vp, and V P1 f , which is disclosed in Japanese La id -Open Patent Publication No. 
6-27900. The disclosure of this publication is incorporated herein by reference. When the duty ratio of the os- 
cillating voltage is 1:1, the mean value of the voltages V P1 and V M f is (V P1 +V P1 ')/2. Herein, one output period 

35 means a period in which a data driver outputs a driving voltage to a data line during the corresponding one 
scanning period. 

In a period in which the voltage V P1 is applied to the point P m , the potential difference between the point 
P m and the point T is V P1 -(V P1 +V P1 , )/2 = (V P1 -V P1 *)/2. It is assumed that the resistance from the point P m to the 
picture element is approximated by a concentrated constant R,,, the current i, (V Pl -V P1 ')/2R a ) flows from 
40 the voltage supply line 12 to the load 18. Similarly, in a period in which the voltage V M f is applied to the point 
P m , the potential difference between the point P m and the point T is V P1 ? -(V P i+V P1 ')/2 = (V P1 -V P1 )/2. Accordingly, 
if a current flowing from the voltage supply line 13 to the load 18 is indicated by i/, a relationship of i 1 9 = (V P1 '- 
V P1 )/2R3 = -ii is established. This means that the current I, flows from the load 18 to the voltage supply line 
13. 

45 As described above, according to the equivalent circuit of the voltage-supplied portion 15 shown in Figure 

4, the absolute value of the current flowing from the voltage supply line 12 to the voltage-supplied portion 15 
is substantially equal to the absolute value of the current flowing from the voltage-supplied portion 15 to the 
voltage supply line 13. Therefore, as shown in Figure 2, in the case where the line resistance of the voltage 
supply line 12 between the points and Pi is substantially equal to the line resistance of the voltage supply 

so line 13 between the points P^ and P^, the amount of voltage drop at the point P t with respect to the voltage 
V„ is substantially equal to the amount of voltage rise at the point P t ' with respect to the voltage V d . In other 
words, when the amount of voltage drop is indicated by AV, the voltage at the point P t is indicated by (V u - AV), 
and the voltage at the point P^ is indicated by (V d +AV). As described above, to the picture element, the arith- 
metical mean of the voltage at the point P^ and the voltage at the point P^ is applied. As a result, the voltage 

55 (V u +V d )/2 is applied to the picture element 

In the voltage compensation circuit shown in Figure 2, the line resistances of the voltage supply lines 12 
and 13 are assumed to be represented by concentrated constants. However, the actual voltage supply lines 
12 and 13 are distributed constant circuits. Accordingly, the actual value of the current flowing through each 
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of the voltage supply lines 12 and 13 is not constant. The value of the currentf lowing through each of the voltage 
supply lines 12 and 13 is varied depending on the distributed capacitances or the branching positions of the 
voltage supply lines 12 and 13. Therefore, the voltage drop and the voltage rise on the voltage supply lines 12 
and 13 are generally expressed by Expression (3) below. 

5 

Jo X Jo X ^ (X)dX * Kx)dx •••(3) 

10 where p(x) denotes a resistance at a point P(x), which is distant from one end of one of the voltage supply 
lines 12 and 13 by a distance x, and i(x) denotes a magnitude of a current at the point P(x). 

Expression (3) indicates a product of the curvilinear integrals of p(x) and i(x) from the distance 0 to the 
distance x on the respective voltage supply lines 12 and 13. 

In addition, the voltage supply lines 12 and 13 for applying the voltage V u and V d do not always have the 
15 same resistance characteristics. In general, the voltages V u (x) and V^x) at the point P(x) on the voltage supply 
lines 12 and 13 are expressed by Expression (4) below. 

20 

...(4) 

V d (x) = V d * J 0 %* P A (*)*x • ± d (x)dx 

where p u (x) and p d (x) indicate resistances at the point P(x), which is distant from one end of each of the voltage 
supply lines 12 and 13 by the distance x, respectively, and i u (x) and ^(x) indicate the values of currents at the 

30 point P(x), respectively. 

If the values of the second terms in the right sides of the equations in Expression (4) (i.e., the amount of 
the voltage drop and the amount of the voltage rise) are equal to each other as represented by Expression (5) 
below, it is possible to supply a desired voltage to any voltage-supplied portions, irrespective of the distance 
x, by obtaining the arithmetical mean of the voltages V u (x) and V d (x) at the point P(x) on the voltage supply 

35 lines 12 and 13 (see Expression (6)). 

J 0 X /o X Pu (x)dx * V x)dx = fo X J^ <°d (x)dx * i d < x)dx 

40 

•••(5) 



„, * = Vu(x) + Vd(x) = V u + V d 

45 K } 2 2 ' 

It is not necessary that the condition of Expression (5) is satisfied at all points on the voltage supply lines 
12 and 13. It is sufficient that the condition of Expression (5) is satisfied for at least the points to which the 
voltage-supplied portions are connected on the voltage supply lines 12 and 13. In addition, it is not necessary 
that the distance x on the voltage supply line 12 and the distance x on the voltage supply line 13 are equal to 

so each other, if the condition of Expression (5) is satisfied. For example, in the case where the value of the left 
side of Expression (5) when x = is equal to the value of the right side of Expression (5) when x = x 2 , the 
voltage-supplied portion is connected to the point which is distant from one end of the voltage supply line 12 
by the distance x* and to the point which is distant from one end of the voltage supply line 13 by the distance 

55 If it is assumed that the current i u (x) is identical with the current i«j(x) for all of the distances x, it is sufficient 

that the all of the distances x satisfy the condition of Expression (7) below in order to easily satisfy the condition 
of Expression (5). 

Pu (x) = Pd (x) (7) 
7 
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The condition of Expression (7) means that the voltage supply lines 12 and 13 have the same resistance 
characteristic. When the voltage supply lines 12 and 13 both have the uniform characteristics, p u (x) and p d (x) 
become constant 

Next, another construction of a voltage compensation circuit for supplying a desired voltage to voltage- 
5 supplied portions based on the principle for compensating for the voltage drop shown in Figure 1 will be de- 
scribed. 

Figure 5 shows the construction of another example of a voltage compensation circuit according to the 
invention. The voltage compensation circuit includes a voltage supply line 14. In this example, for simplicity, 
it is assumed that three voltage-supplied portions 15, 16, and 17 are connected to the voltage supply line 14 

io at three points P 1( P 2 , and P 3 . However, this invention is not limited by the number of voltage-supplied portions 
which are connected to the voltage supply line 14. An oscillating voltage which oscillates between the voltages 
V u and V d at a predetermined cycle is applied to one end point P, of the voltage supply line 14. The line resis- 
tance of the voltage supply line 14 is generally a distributed constant circuit However, in Figure 5 for simplicity, 
the line resistance is represented by a plurality of concentrated constants. Each of the line resistance between 

75 the points P 8 and P t , the line resistance between the points P t and P 2 , and the line resistance between the 
points P 2 and P 3 is represented by a concentrated constant r. 

In the case where a current i t flows from the voltage supply line 14 to the voltage-supplied portion 15 during 
a first period in which the voltage V u is applied to the voltage supply line 14, the voltage drop based on the 
current h during the first period is r i v If during a second period in which the voltage V d is applied to the voltage 

20 supply line 14, a current having the same amount of value as that of the current i t flows from the voltage-sup- 
plied portion 15 to the voltage supply line 14, the voltage rise of t-U occurs on the voltage supply line 14 due 
to the current In this case, an oscillating voltage which oscillates between the voltages (Vy-Th) and (V^ri,) 
at a duty ratio of 1:1 appears at the point P v Therefore, when the voltage-supplied portion 15 is provided with 
a low pass filter, a voltage which is substantially equal to the mean value of the oscillating voltage appearing 

25 at the point P t can be obtained after the oscillating voltage passes through the low pass filter. The mean value 
of the oscillating voltage is equal to a constant voltage (V u +V d )/2 on the basis of Expression (2). 

In a similar manner, the oscillating voltage appearing at the point P 2 or P 3 is made to pass through the low 
pass filter, so that a voltage which is substantially equal to the constant voltage (V u +V d )/2 is obtained. 

As described above, by combining a single voltage supply line with a voltage-supplied portion which is con- 

30 nected to the voltage supply line and satisfies a predetermined condition, and by applying an oscillating voltage 
to one end of the voltage supply line, a desired voltage can be supplied to the voltage-supplied portion, irres- 
pective of the position at which the voltage-supplied portion is connected to the voltage supply line. The pre- 
determined condition is that the absolute value of the current i t flowing from the voltage supply line to the vol- 
tage-supplied portion during the first period in which the voltage V u is applied to the voltage supply line is sub- 

35 stantially equal to the absolute value of the current flowing from the voltage-supplied portion to the voltage 
supply line during the second period in which the voltage V d is applied to the voltage supply line. 

For example, when the load 18 shown in Figure 4 is connected to the point P t as the voltage-supplied por- 
tion 15, the load 18 satisfies the predetermined condition mentioned above. The reason is the same as that 
in the case where, when an oscillating voltage which oscillates at the duty ratio of 1:1 is applied to the point 

40 P m shown in Figure 4, the current flowing from the voltage supply line 12 to the load 18 is substantially equal 
to the current flowing from the load 18 to the voltage supply line 13. Therefore, the reason is not described 
here. 

In the case where each of the voltage-supplied portions 15, 16, and 17 includes a picture element and a 
data line connected thereto included in the liquid crystal display panel, at least one of a set of resistance and 

45 capacitance components of the picture element, or a set of resistance and capacitance components of the data 
line functions as a low pass filter. Accordingly, the oscillating voltage applied to the point P % is gradually con- 
verged to a constant voltage V P1 as shown in Figure 6. In the steady state, the voltage V P1 is equivalent to the 
voltage obtained by the arithmetical mean of the voltages V u and V d , as represented in Expression (2). As a 
result, the voltage V P1 is applied to the picture element 

50 In addition, the explanations of the voltage drop and the voltage rise, considering that the actual voltage 

supply line 14 is a distributed constant circuit, result in that the explanations thereof in the case where the 
above-described voltage supply lines 12 and 13 have the same resistance characteristics. Therefore, these 
explanations are omitted herein. 

Figure 7 shows the construction of a display apparatus in one example of the invention. The display ap- 

55 paratus displays an image with a plurality of levels of gray scales depending on the input gray-scale data. Here- 
inafter, to simplify the description, it is assumed that the gray-scale data is composed of 2 bits, and the number 
of levels of the gray scales is 4 (= 2 2 ). It is appreciated that the present invention is not limited by the number 
of bits of the gray-scale data and the number of levels of gray scales. 

8 
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The display apparatus includes a control power supply circuit 71 for supplying a plurality of gray-scale vol- 
tages, four pairs of voltage supply lines 72 connected to the control power supply circuit 71 , a plurality of data 
drivers 73 connected to the four pairs of voltage supply lines 72, a plurality of picture elements 74 arranged 
in a matrix, and a plurality of data lines 75 respectively connected to the picture elements 74. The four pairs 

5 of voltage supply lines 72, the plurality of data drivers 73, the plurality of picture elements 74, and the plurality 
of data lines 75 are formed on a glass substrate of a liquid crystal display panel 76. 

Herein, a voltage-supplied portion shown in Figure 2 corresponds to a portion including a data driver 73 
connected to the four pairs of voltage supply lines 72, a plurality of data lines 75 connected to the data driver, 
and picture elements 74 connected to the data lines 75. 

10 The four pairs of voltage supply lines 72 consist of a first pair of voltage supply lines (L^, Lm), a second 

pair of voltage supply lines (L 1u ,L 1d ), a third pair of voltage supply lines (L.2u, l-2d). and a fourth pair of voltage 
supply lines (La,,, L^). The first pair of voltage supply lines (L^, Ud) have end points (Psou. Psod)- The second 
pair of voltage supply lines (L 1u , L 1d ) have end points (P s1u , P s1d ). The third pair of voltage supply lines (L^, 
L.2d) have end points (P^i Ps2d)- The fourth pair of voltage supply lines (L^, L^) have end points (P^, P^. 

15 In Figure 7, for simplicity, the efcjht end points Pso UI Psod, Psm. Psid. Ps2u. Ps2d. Ps3u» and P^ are collectively 
represented as P 8 . The control power supply circuit 71 applies eight levels of analog voltages Vou, Vo* V 1u , 
V 1df Vau. V 2d , Vau, and to the eight end points P^, Psod, P 3 iu, Psid. P*2u. Ps2d. Ps3u, and P^, respectively. 
Each pair of voltage supply lines (Vh,, V w ) are used for supplying a desired voltage V ( to the data driver 73. The 
analog voltage is higher than the desired voltage V, by a predetermined value. The analog voltage V id is 

20 lower than the desired voltage V t by the predetermined value. The predetermined value is previously set so 
as to be equal to or larger than the maximum voltage drop with respect to the analog voltage V iu . Herein, i = 
0,1,2, and 3. 

Each of the plurality of data drivers 73 is connected to the four pairs of voltage supply lines 72 at respective 
one of the points Pi to P N . Herein, each of the points P t to P H collectively indicates the eight end points, as 
25 described above. In Figure 7, each of the plurality of data drivers 73 is shown so as to be connected to the 
four pairs of voltage supply lines 72 via four pairs of branch lines. However, this figure is merely intended to 
simply and clearly show the connection of a data driver 73 and the four pairs of voltage supply lines 72. Thus, 
the line resistances of the four pairs of branch lines from one of the points Pi - Pu to the data driver 73 are all 
zero. 

30 To each of the plurality of data drivers 73, eight levels of analog voltages are supplied from the control 

power supply circuit 71 via the four pairs of voltage supply lines 72. When the number of data lines 75 connected 
to one data driver 73 is n, the data driver 73 includes n output circuits. Each of the n output circuits is connected 
to one data line 75, and outputs a driving voltage to the data line 75 in accordance with the input gray-scale 
data. The driving voltage is applied to the picture elements 74 via the data line 75. 

35 In order to simplify the description of the construction of the invention, scanning drivers for scanning the 

plurality of picture elements 74 or signal lines other than the voltage supply lines are not shown in Figure 7. 

In this example, the plurality of data drivers 73 are disposed on one side of the matrix of the picture ele- 
ments 74. However, the present invention is not limited by the specific location of the data drivers 73. For ex- 
ample, the plurality of data drivers 73 are disposed on the other side of the matrix of the picture elements 74. 

40 In Figure 7, in order to easily understand the invention, the plurality of data drivers 73 are shown so as to 

be separately disposed from the four pairs of voltage supply lines 72. However, in the actual design, the plurality 
of data drivers 73 are preferably disposed so as to cover a part of the four pairs of voltage supply lines 72. 
Such a design will prevent voltage supply lines and lines from the voltage supply lines to data drives from cross- 
ing each other on the substrate. 

45 Figure 8 shows the construction of an output circuit 81 corresponding to one output of the data driver 73. 

The output circuit 81 includes a sampling circuit 82 at a first stage, a holding circuit 83 at a second stage, 
a selection control circuit 84, and eight analog switches 85. A resistance r e is inserted directly before each of 
the analog switches 85. Alternatively, the resistance r c may be inserted directly after each of the analog 
switches 85. In actuality, each analog switch 85 has its own ON resistance. Thus, if the employed analog switch 

so 85 has an appropriate ON resistance, the resistance r c can be omitted. 

The output circuit 81 outputs one of four levels of desired gray-scale voltages V 0 , VV V 2 , and V 3 to the data 
line 75, in accordance with the values of the input 2-bit gray-scale data (D 0 , D^. Herein, V 0 = (Vou + Vod)/2; 
= (V 1u +V 1d )/2, V 2 = (V^+V^, and V 3 = (V^V^. 

The selection control circuit 84 receives the 2-bit gray-scale data, and outputs a control signal indicating 

55 an analog voltage pair to be selected depending on the values of the gray-scale data. 

Table 1 below is a logic table indicating the relationship between the values of the gray-scale data (d 0 , d t ) 
input into the selection control circuit 84 and the control signals (Squ, S 0d . $ 1u , S 1d , S 2u , S2 d , S 3u , S M ) output 
from the selection control circuit 84. As indicated in Table 1, the selection control circuit 84 outputs a control 

9 



XDCID: <EP 063351 6A1_I_> 



EP 0 633 516 A1 



10 



signal so that any one control signal pair of four control signal pairs (S iu and S w ; i = 0 t 1 , 2, and 3) is set to be 
"1" (i.e., become active). 

Table 1 
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The outputs of the selection control circuit 84 are connected to the control inputs of the eight analog 
switches 85, respectively. Each of the eight analog switches 85 is controlled so that it is turned ON when the 
value "1" is received at the control input, and it is turned OFF when the value "0" is received at the control 
input. In another case where the number of outputs of the selection control circuit 84 is four, each of the outputs 
of the selection control circuit 84 may be connected to paired control inputs of the analog switches 85. 

The signal inputs of the eight analog switches 85 are connected to the four pairs of voltage supply lines 
72. Accordingly, eight levels of analog voltages Vou. V M , V 1u , V 1d , Vau, V 2d . V^, and are input to the analog 
switches 85 via the four pairs of voltage supply lines 72, respectively. 

The selection control circuit 84 operates in accordance with the logic table shown in Table 1. As a result, 
paired analog switches 85 are in the ON state for the same predetermined time period. Thus, as in the equiv- 
alent circuit shown in Figure 4, the absolute value of the current flowing from the four pairs of voltage supply 
lines 72 to the output circuit 81 is substantially equal to the absolute value of the current flowing from the output 
circuit 81 to the four pairs of voltage supply lines 72. Therefore, one of the voltages (VO u +Vod)/2. (V 1u +V 1d )/2, 
(V2u + V2d)/2, and (V3 U +V M )/2 is output to the data line 75. 

Figure 9 shows the construction of an output circuit 91 corresponding to one output of the data driver 73. 
The construction of the output circuit 91 shown in Figure 9 is the same as that of the output circuit shown in 
Figure 8, except that the resistance r c is omitted, and an oscillating pulse t which oscillates between the active 
state and the inactive state at the duty ratio of 1:1, is input into the selection control circuit 84. Therefore, like 
components are indicated by like reference numerals, and the descriptions thereof are omitted. 

Table 2 below is a logic table indicating the relationship between the values of the gray-scale data (d 0 , d t ) 
input into the selection control circuit 84 and the control signals (Sou, Sod, S 1u , S 1d . Sju, Szd, S 3u , S^) output 
from the selection control circuit 84. As indicated in Table 2, the selection control circuit 84 outputs a control 
signal so that any one control signal pair of four control signal pairs (S, u and Sid; i - 0, 1, 2, and 3) is set to be 
T and "TV In Table 2, V indicates that the oscillating pulse t is output as the control signal, and "t" indicates 
that a signal inverted from the oscillating pulse t is output as the control signal. 

Table 2 
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The selection control circuit 84 operates in accordance with the logic table in Table 2. As a result, the paired 
analog switches 85 are alternately turned ON and OFF at a predetermined cycle. Accordingly, as in the equiv- 
alent circuit shown in Figure 4, the absolute value of the current flowing from the four pairs of voltage supply 
lines 72 to the output circuit 91 is substantially equal to the absolute value of the current flowing from the output 
circuit 91 to the four pairs of voltage supply lines 72. Therefore, an oscillating voltage having a mean value 
which is equal to one of the voltages (V 0u +Vod)/2, (V 1u +V 1d )/2, (Vau+V*)^ and (V 3u +V M )/2 is output to the data 
line 75. 
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At least one of a set of resistance and capacitance components of the picture element 74 or a set of re- 
sistance and capacitance components of the data line 75 connected to the picture element 74 functions as a 
low pass filter. Thus, the oscillating voltage output to the data line 75 is averaged by the low pass filter. As a 
result, in the steady state, a voltage which is substantially equal to a mean value of the oscillating voltage is 

5 applied to the picture element 74. 

As described above, according to the display apparatus of the invention, even when the line resistance of 
the voltage supply line is relatively high because the voltage supply line is formed on the glass substrate, a 
voltage equal to one of the desired grayscale voltages V 0 , V 1? V 2 , and V 3 can be supplied to the plurality of 
data lines 75. Accordingly, it becomes possible to realize a display apparatus which performs a display with 

10 continuous and uniform gray scales. 

Figure 10 shows a part of the construction of the control power supply circuit 71. The construction shown 
in Figure 1 0 is used for supplying a pair of voltages (Vqu. V^). However, the present invention is not limited by 
the specific construction of the control power supply circuit 71 . Any type of control power supply circuit 71 can 
be used as far as the eight levels of analog voltages mentioned above are supplied to the four pairs of voltage 

15 supply lines 72, respectively. 

Figure 11 shows the construction of a display apparatus in another example of the invention. The display 
apparatus displays an image with a plurality of levels of gray scales depending on the input gray-scale data. 
Hereinafter, to simplify the description, it is assumed that the gray-scale data is composed of 2 bits, and the 
number of levels of the gray scales is 4 (= 2 2 ). 

20 The display apparatus includes a control power supply circuit 111 for supplying a plurality of gray-scale 

voltages, four voltage supply lines 112 connected to the control power supply circuit 111, a plurality of data 
drivers 113 connected to the four voltage supply lines 112, a plurality of picture elements 114 arranged in a 
matrix, and a plurality of data lines 115 respectively connected to the picture elements 114. The four voltage 
supply lines 112, the plurality of data drivers 113, the plurality of picture elements 114, and the plurality of data 

25 lines 115 are formed on a glass substrate of a liquid crystal display panel 116. 

Herein, a. voltage-supplied portion shown in Figure 5 corresponds to a portion including a data driver 113 
connected to the four voltage supply lines 112, a plurality of data lines 115 connected to the data driver 113, 
and picture elements 114 connected to the data lines 115. 

The four voltage supply lines 112 consist of a first voltage supply line Lo» a second voltage supply line L^, 

30 a third voltage supply line L 2 » and a fourth voltage supply line L 3 . The first voltage supply line Lo has an end 
point P s0 . The second voltage supply line Li has an end point P s1 . The third voltage supply line L 2 has an end 
point P^. The fourth voltage supply line L 3 has an end point In Figure 11 , for simplicity, the four end points 
P»o. Psi* P»2> and P s3 are collectively represented as P 8 . The control power supply circuit 111 applies four levels 
of analog voltages V^co* v osci. V<»c2» and V m e3 to the fo ur end points P s0 . Psi. P*2. and P^, respectively. The 

35 oscillating voltage V^d is a voltage which oscillates between a predetermined pair of analog voltages (V )u , V w ) 
at the duty ratio of 1:1, and oscillates a plurality of times in one output period. Each pair of analog voltages 
(V{ U . v* M ) are used for supplying a desired voltage V, to the data driver 113. The analog voltage is higher 
than the desired voltage V| by a predetermined value. The analog voltage V M is lower than the desired voltage 
V| by the predetermined value. The predetermined value is previously set so as to be equal to or larger than 

40 the maximum voltage drop with respect to the analog voltage V lu . Herein, i = 0 f 1,2, and 3. 

Each of the plurality of data drivers 113 is connected to the four voltage supply lines 112 at respective one 
of the points to P N . Herein, each of the points P< to P N collectively indicates the four end points, as described 
above. To each of the plurality of data drivers 113, four levels of oscillating voltages are supplied from the con- 
trol power supply circuit 111 via the four voltage supply lines 112. When the number of data lines 115 connected 

45 to one data driver 113 is n, the data driver 113 includes n output circuits. Each of the n output circuits is con- 
nected to one data line 115, and outputs a driving voltage to the data line 115 in accordance with the input 
gray-scale data. The driving voltage is applied to the picture elements 114 via the data line 115. 

In order to simplify the description of the construction of the invention, scanning drivers for scanning the 
plurality of picture elements 114 or signal lines other than the voltage supply lines are not shown in Figure 11 . 

so in this example, the plurality of data drivers 113 are disposed on one side of the matrix of the picture ele- 

ments 114. However, the present invention is not limited by the specific location of the data drivers 113. For 
example, the plurality of data drivers 113 are disposed on the other side of the matrix of the picture elements 
114. 

In Figure 11, in order to easily understand the invention, the plurality of data drivers 113 are shown so as 
55 to be separately disposed from the four voltage supply lines 112. However, in the actual design, the plurality 
of data drivers 113 are preferably disposed so as to cover a part of the four voltage supply lines 112. Such a 
design will prevent voltage supply lines and lines from the voltage supply lines to data drives from crossing 
each other on the substrate. 

11 
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Figure 12 shows the construction of an output circuit 121 corresponding to one output of the data driver 

113. 

The output circuit 121 includes a sampling circuit 122 at a first stage, a holding circuit 123 at a second 
stage, a selection control circuit 124, and four analog switches 125. 
5 The selection control circuit 124 receives the 2-bit gray-scale data, and outputs a control signal indicating 

an oscillating voltage to be selected depending on the values of the gray-scale data. 

Table 3 below is a logic table indicating the relationship between the values of the gray-scale data (d 0 , d 1 ) 
input into the selection control circuit 124 and the control signals (S 0 , S 1v S 2 , S 3 ) output from the selection con- 
trol circuit 124. As indicated in Table 3, the selection control circuit 124 outputs a control signal so that any 
10 one control signal of four control signals (S 0 , S 1f S 2 and S 3 ) is set to be "1" (i.e., become active). 



Table 3 
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The outputs of the selection control circuit 124 are connected to the control inputs of the four analog 
switches 125, respectively. Each of the four analog switches 125 is controlled so that it is turned ON when the 
value "1" is received at the control input, and it is turned OFF when the value "0" is received at the control 
input 

The signal inputs of the four analog switches 125 are connected to the four voltage supply lines 112. Ac- 
cordingly, four levels of oscillating voltages V osc o. V<*ci> V osc2 , and v ©sc* are in P u * to the analog switches 125 
via the four voltage supply lines 112, respectively. 

The selection control circuit 124 operates in accordance with the logic table shown in Table 3. Now, assume 
that only the control signal S„ is "1" (active). In this case, during a period in which the voltage V u0 is applied 
to the end point Pso of the first voltage supply line Lo, a current \ t flows from the point P s0 to the output circuit 
121 which is connected to the point P t . Then, during a period in which the voltage is applied to the end 
point P»o of the first voltage supply line Lo, the current i t flows from the output circuit 121 to the point P^. Ac- 
cordingly, the voltage drop and the voltage rise, caused by the line resistance of the voltage supply line Lo, 
are equal to each other. Thus, the oscillating voltage having a mean value which is substantially equal to 
(Vuo+Vao)^ is applied to the point P lf and the oscillating voltage is output to the data line 115. 

If any one of the other control signals Si - S 3 is "1 " (active), the currents flow in the same manner as those 
described above. Therefore, any one of oscillating voltages which have mean values equal to the voltages 
(Vou+Vod)/2, (V 1u +V ld )/2, (V^+Vsd)^, and (V^+V^)^ is output to the data line 115. 

At least one of a set of resistance and capacitance components of the picture element 114 or a set of re- 
sistance and capacitance components of the data line 115 connected to the picture element 114 functions as 
a low pass filter. Thus, the oscillating voltage output to the data line 115 is averaged by the low pass filter. As 
a result, in the steady state, a voltage, which is substantially equal to a mean value of the oscillating voltage, 
is applied to the picture element 114. 

As described above, according to the display apparatus of the invention, even when the line resistance of 
the voltage supply line is relatively high because the voltage supply line is formed on the glass substrate, an 
oscillating voltage having a mean value equal to one of the desired gray-scale voltages V 0 , V 1t V 2 , and V 3 can 
be supplied to the olurality of data lines 115. Accordingly, it becomes possible to realize a display apparatus 
which performs a display with continuous and uniform gray scales. 

The display apparatus shown in Figure 11 has an advantage in that the number of voltage supply lines 
can be halved as compared with the display apparatus shown in Figure 7. 

The voltage compensation circuit according to the invention is useful for supplying a desired level of gray- 
scale voltage to a picture element of a liquid crystal display apparatus. However, the applications of the voltage 
compensation circuit of the invention are not limited to the above-described specific examples. The voltage 
compensation circuit according to the invention is useful for any type of circuit which requires a predetermined 
level of voltage to be supplied irrespective of the distances from one end of the voltage supply tine. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 

12 



XDCID: <EP 063351 6A1J_> 



EP0 633 516 A1 



departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con- 
strued. 



Claims 

1. A voltage compensation circuit for supplying a desired voltage to a portion to which the desired voltage 
is to be supplied, by compensating for voltage drops caused by line resistances of voltage supply lines, 

10 the voltage compensation circuit comprising: 

a first voltage supply line having a first end; and 
a second voltage supply line having a second end, 

wherein a first voltage which is higher than the desired voltage by a predetermined value is applied 
to the first end, and a second voltage which is lower than the desired voltage by the predetermined value 
15 is applied to the second end, and 

the portion to which the desired voltage is to be supplied is connected to the first voltage supply 
line at a first junction, the portion to which the desired voltage is to be supplied is connected to the second 
voltage supply line at a second junction, and an amount of voltage drop in the first voltage from the first 
end to the first junction is substantially equal to an amount of voltage rise in the second voltage from the 
20 second end to the second junction. 

2. A voltage compensation circuit according to claim 1 , wherein the line resistance of the first voltage supply 
line is substantially equal to the line resistance of the second voltage supply line. 



25 



30 



35 



3. A voltage compensation circuit for supplying a desired voltage to a portion to which the desired voltage 
is to be supplied, by compensating for a voltage drop caused by a line resistance of a voltage supply line, 
the voltage compensation circuit comprising: 

a voltage supply line having an end, 

wherein an oscillating voltage which oscillates between a first voltage which is higher than the de- 
sired voltage by a predetermined value and a second voltage which is lower than the desired voltage by 
the predetermined value is applied to the end, and 

the portion to which the desired voltage is to be supplied is connected to the voltage supply line at 
a junction. 

4. A voltage compensation circuit according to claim 3, wherein the oscillating voltage is a voltage which os- 
cillates between the first voltage and the second voltage at a duty ratio of 1 : 1. 



40 



5. A display apparatus in which a desired gray-scale voltage is applied to a picture element by compensating 
for a voltage drop caused by a line resistance of a voltage supply line, the display apparatus comprising: 
a display section including a picture element and a data line connected to the picture element; 
a first voltage supply line having a first end; 
a second voltage supply line having a second end; 

a voltage supply circuit for applying a first voltage which is higher than the desired gray-scale vol- 
tage by a predetermined value to the first end, and for applying a second voltage which is lower than the 
desired gray-scale voltage by the predetermined value to the second end; and 
45 a driving circuit for outputting a driving voltage to the data line, the driving circuit being connected 

to the first voltage supply line at a first junction and connected to the second voltage supply line at a second 
junction, 

wherein an amount of voltage drop in the first voltage from the first end to the first junction is sub- 
stantially equal to an amount of voltage rise in the second voltage from the second end to the second 
junction. 



so 



6. A display apparatus according to claim 5, wherein the first voltage and the second voltage are supplied 
to the driving circuit and the driving circuit includes output means for outputting both the first voltage and 
the second voltage to the data line during the same time period. 

55 

7. A display apparatus according to claim 5, wherein the first voltage and the second voltage are supplied 
to the driving circuit, and the driving circuit includes output means for alternately outputting the first voltage 
and the second voltage to the data line at a predetermined cycle. 
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8. A display apparatus according to claim 5, wherein the line resistance of the first voltage supply line is sub- 
stantially equal to the line resistance of the second voltage supply line. 

9. A display apparatus in which a desired gray-scale voltage is applied to a picture element by compensating 
5 for a voltage drop caused by a line resistance of a voltage supply line, the display apparatus comprising: 

a display section including a picture element and a data line connected to the picture element; 
a voltage supply line having an end; 

a voltage supply circuit for applying an oscillating voltage which oscillates between a first voltage 
which is higher than the desired gray-scale voltage by a predetermined value and a second voltage which 
10 is lower than the desired gray-scale voltage by the predetermined value to the end; and 

a driving circuit for outputting a driving voltage to the data line, the driving circuit being connected 
to the voltage supply line at a junction. 

10. A display apparatus according to claim 9, wherein the oscillating voltage is a voltage which oscillates be- 
15 tween the first voltage and the second voltage at a duty ratio of 1 : 1. 
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